Sialoglycoproteins of rat epididymal fluid and spermatozoa were radiolabelled by the NaIO4/KB3H4 method. At least 10 sialoglycoproteins of the epididymal fluids could be consistently demonstrated by polyacrylamide gel electrophoresis in sodium dodecyl sulphate. Two major ones (Mr 21 000 and 66 000) were present in the fluids of the caput and cauda epididymidis. Two (Mr 28 000 and 40 000) were found only in the former and two (Mr 32 000 and 42 000) only in the latter. There were at least 11 sialoglycoproteins bound to the epididymal spermatozoa. During epididymal transport, 8 sialoglycoproteins on the spermatozoa decreased, one (Mr 48 000) remained constant and one (Mr 31 000) increased in amount. During sperm maturation, some sperm-bound sialoglycoproteins, especially 3 of small molecular weights, became more resistant to the treatments with neuraminidase, trypsin and
contrast microscope. The concentration of washed spermatozoa resuspended in PBS was determined with a haemocytometer.
To radiolabel the sialic acids, the spermatozoa (15 IO6 cells/ml) were first incubated in PBS with 1 mM-NaI04 (freshly prepared) in darkness at 0°C with constant shaking for 15 min in order to release C-9 of the residues as formaldehyde and to oxidize C-8 hydroxyl group into an aldehyde (Toowicharanont & Chulavatnatol, 1983) . The spermatozoa were collected at the end of the incubation by centrifugation at 600 # for 15 min at 4°C and washed twice with PBS. Then the spermatozoa (750 IO6) were suspended in 5 ml PBS and mixed with 1 ml of a freshly prepared KB3H4 solution containing 2-5 mCi (sp. act. 1-1 Ci/mmol; New England Nuclear, Boston, Massachusetts, U.S.A.). The mixture was kept at room temperature in a fume hood for 30 min with constant shaking. The spermatozoa were again collected by centrifugation and washed 3 times with ice-cold PBS. The final packed spermatozoa were completely lysed by incubating with 1% sodium dodecyl sulphate (SDS) and 20 mM-dithiothreitol in 50 mM-Tris-HCl, pH 6-8, for 30 min at 45°C or for 5-10 min at 100°C. The lysate was collected after removing the very small residue by centrifugation at 27 000 # for 30 min at 4°C. A control sample was incubated without NaI04 but otherwise treated similarly.
The epididymal fluid was similarly oxidized with 1 mM-NaI04 as described above. At the end of the oxidation, 5 volumes of ice-cold absolute ethanol were added. The mixture was kept at 4°C for 3 h to allow protein precipitation. The precipitate was collected by centrifugation at 27 000 g for 10 min at 4°C and redissolved in ice-cold PBS. Residual ethanol was removed by passage of oxygenfree nitrogen. The solution was then incubated with KB3H4 as described above. After the incubation, protein was precipitated by adding ethanol and collected by centrifugation as before. It was finally redissolved in 50 mM-Tris-HCl, pH 6-8, containing 1% SDS and 20 mM-dithiothreitol.
Before electrophoresis, the tritiated sperm lysate and the fluid samples were boiled for 2 min with 50 mM-Tris-HCl, pH 6-8, containing 1% ß-mercaptoethanol, 10% glycerol and 1% (w/v) bromphenol blue. The samples were subjected to SDS-polyacrylamide gel electrophoresis (SDS-PAGE) using a slab system of 7 to 15% linear gradient of polyacrylamide according to the method of Laemlli (1970) . After staining with Coomassie blue, the protein profile was scanned in a Gilford spectrophotometer at 550 nm, stained gels were cut into 2 mm slices with a razor blade and the slices were lysed with 35% H202 at 70°C for 2 h and at 50°C overnight. The radioactivity was measured in 25% Triton X-114/xylene scintillation fluid (Anderson & McClure, 1973 ) using a Beckman scintillation counter. The molecular weight markers used were from Sigma (St Louis, U.S.A.): cross-linked haemoglobin (monomer, Mr 16 000; dimer, 32 000 and trimer, 48 000), bovine serum albumin (66 000) and phosphorylase b (93 000).
To identify the tritiated residue, the radiolabelled sample was treated with 0-05 M-H2S04 at 80°C for 1 h. After removing the precipitate by centrifugation at 600 g for 10 min at room temperature, the supernatant fluid was adjusted to pH 70 with 1 M-NaOH and chromatographed on a Whatman 3 MM paper with TV-butanol : pyridine : 1 M-HC1 (5 :3 :2 by vol.) according to the method of Durand, Guenounou, Feger & Agneray (1978 To study the effects of enzymes and detergent, washed spermatozoa were treated with neuraminidase (Vibrio cholerae; Calbiochem, La Jolla, U.S.A.), trypsin (Sigma) or Triton X-100/dithiothreitol as described by Toowicharanont & Chulavatnatol (1983) . After the treatment, the spermatozoa were washed 3 times with ice-cold PBS, recounted and subjected to radiolabelling as above.
Results

Sialoglycoproteins in epididymalfluid
The protein profiles of the samples, consisting of 6-8 major bands (Text- fig. 1 ), compared favourably with those collected by flushing the cannulated epididymis with oil (Wong, Tsang & Lee, 1981) and were unaltered by the NaI04/KB3H4 treatment. The sample pre-treated with NaI04 incorporated more radioactivity from KB3H4 than its control without NaI04 oxidation. On SDS-PAGE, the experimental sample showed several radioactivity peaks, all above the radioactivity profile of its control which showed hardly any peak (Text- fig. 1 ). From several experiments, the first 10 radioactive peaks of Mr^6 6 000 were consistently observed while those of Mr > 66 000 appeared more variable. Therefore, only the consistent radioactive bands were numbered for convenience of analysis. The most intensively labelled bands were bands 2 (Mr 21 000) and 10 (Mr 66 000). Both were found in the fluid samples from the caput and the cauda epididymidis. However, among the 8 other less intensively labelled sialoglycoproteins, bands 4 and 6 were unique for the caput epididymal fluid and bands 5 and 7 were unique for the fluid of the cauda. In contrast, bands 3 and 9 were present in both fluid samples. Protein band 1 (Mr = 17 000) of the cauda epididymal fluid was occasionally found in the caput epididymal fluid. Protein band 8 was identifiable in the caput epididymal fluid but its presence in the cauda fluid was uncertain. Band 9 of the caput epididymal fluid appeared to be resolved into two sub-bands. treated with NaI04 but the control samples (lower solid lines) were not. Equal amounts of radioactivity of both experimental samples were loaded on the gels. The molecular weights (Mr) of the radioactive peaks were: 1 = 17 000; 2 = 21 000; 3 = 25 000; 4 = 28 000; 5 = 32 000; 6 = 40 000; 7 = 42 000; 8 = 48 000; 9 = 53 000 and 10 = 66 000. The tracking dye was at slice number 52 for (a) and 51 for (b).
Sialoglycoproteins on spermatozoa NaI04 oxidation of the epididymal spermatozoa increased the labelling by KB3H4 substantially (Text- fig. 2 ) while the control sample without NaI04 treatment incorporated a negligible amount of the tritium. Since the protein profiles in our study were similar to those reported earlier (Wong et al, 1981) , we were confident that the solubilization of spermatozoa by SDS/dithiothreitol was essentially complete and unaffected by the NaI04 pre-treatment. At least 11 protein bands from the caput or the cauda epididymal spermatozoa could be consistently identified as sialoglycoproteins and were numbered for convenience of analysis: for the caput epididymal spermatozoa, 8 protein bands (1, 2, 5, 6, 8, 9, 10 and 11) were intensively labelled, but only 5 bands (1, 2, 4, 5 and 8) were heavily labelled in the cauda epididymal spermatozoa. Band 1 (Mr 18 000) was the most intensively labelled and could consist of 2 or 3 proteins of similar molecular weights. The total radioactivity incorporated into the cauda epididymal spermatozoa was less than that of the caput epididymal spermatozoa. When equal amounts of the tritiated material were subjected to SDS-PAGE, band 4 (Mr 31 000) of the cauda epididymal spermatozoa possessed more radioactivity than did that of the caput epididymal spermatozoa. Band 8 (Mr 48 000) of the cauda epididymal spermatozoa was equally or slightly more labelled than that of the caput spermatozoa. The other protein bands of the cauda spermatozoa were less labelled than were the corresponding bands of the caput epididymal spermatozoa. IO6 spermatozoa from the caput and cauda epididymidis respectively. The molecular weights (Mr) of the radioactive peaks were :1 = 18 000; 2 = 23 000; 3 = 27 000; 4 = 31 000; 5 = 35 000; 6 = 39 000; 7 = 44 000; 8 = 48 000; 9 = 54 000; 10 = 66 000 and 11 = 75 000. The tracking dye was at slice number 50.
Effects of treatments with enzymes and detergent
When the spermatozoa were pre-treated with Triton X-100, neuraminidase or trypsin, the radioactivity incorporated was much decreased. Treatment of the caput epididymal spermatozoa with Triton X-100 abolished the labelling of all protein bands except band 1 which was much less labelled (Text- fig. 3a ). Treatment with neuraminidase or trypsin also prevented the labelling of most sialoglycoproteins of the caput epididymal spermatozoa. However, protein bands 1 and 2 appeared to be partly resistant to the enzymes and could still be significantly labelled (Text- fig. 3a ). In contrast, the sialoglycoproteins of the cauda epididymal spermatozoa seemed to be less susceptible to these treatments. After Triton X-100 extraction, significant labelling of bands 1, 2,4 and probably 9 could still be easily observed (Text-fig. 3b ). Protein bands 1, 2 and 4 were markedly resistant to neuraminidase while partial resistance was noted for protein bands 8,9 and 10. Protein bands 1 and 2 were remarkably resistant to tryptic digestion. Partial or nearly complete resistance to trypsin was also noted for bands 3, 4, 5, 6 and 9.
Identification of tritiated residue
To verify the specificity of the labelling of sialic acids by the NaI04/KB3H4 method, the residue carrying tritium was released from the labelled proteins by acid hydrolysis and identified by paper chromatography. The radioactivity of the NaI04-treated sample was to be mainly or exclusively associated with a residue slightly smaller than /V-acetylneuraminic acid but significantly larger than glucose (Text- fig. 4 ), suggesting that it was a C-8 residue derived from sialic acid by NaI04 oxidation. The radioactivity of the control sample (without NaI04 oxidation) was not found with this residue but with a C-3 residue (Text- fig. 4 ). Since the labelling of the C-3 residue was essentially abolished by NaI04 oxidation, it was probably a glyceraldehyde-like material. Therefore, the NaI04/KB3H4 method labelled the sialyl but not other sugar residues of the sialoglycoproteins of the fluid and the spermatozoa. 
Discussion
To have confidence that the NaI04/KB3H4 method specifically radiolabels sialic acids, it is essential to control the NaI04 oxidation (Gahmberg & Andersson, 1977; Toowicharanont & Chulavatnatol, 1983) and to check the tritiated residue (Text-fig. 4 ). In this study, the sialoglycoproteins and sialoglycolipids would have been labelled. Since the smallest radioactive peaks (band 1) of the epididymal fluid (Mr 17 000) and of the spermatozoa (Mr 18 000) are significantly larger than sialoglycolipids, all radioactive peaks in Text-figs 1-3 should be sialoglycoproteins only. The free sialic acids in the epididymal fluid would have been left in the solution during the ethanol step and should not have been labelled.
Identification of the labelled sialoglycoproteins in the epididymal fluid can only be done on the basis of molecular weights and this is only tentative. Band 2 (Mr 21 000) is probably a-lactalbumin, a sialoglycoprotein (Prasad & Ebner, 1980) which has been detected in the rat epididymal fluid by Hamilton (1981) . Band 5 (Mr 32 000), detected only in the cauda epididymal fluid (Text- fig. 1 ), may be acidic epididymal glycoprotein (AEG) . Band 6 (Mr 40 000) and band 8 (Mr 48 000) are similar in size with the two non-identical subunits of androgen-binding protein (ABP) (Feldman et al, 1981) . Although band 10 (Mr 66 000) of the fluid is about the same size as serum albumin it may not be an albumin because the latter is not a glycoprotein (Peters, 1975) . Besides those tentatively identified above, this study has also demonstrated the presence of 6 new sialoglycoproteins (bands 1, 3, 4, 7, 9 and 10) in rat epididymal fluid. Further work will be needed not only to verify the tentatively identified sialoglycoproteins but also to characterize the new sialoglycoproteins.
During transit from the caput to the cauda epididymidis, most of the fluid sialoglycoproteins (bands 2, 3, 8, 9 and 10) remains fairly stable while protein bands 4 and 6 disappear, suggesting a possible specific attack by a protease or neuraminidase or a specific modification of their sialic acids by JV-acetylneuraminic acid O-acetyltransferase (Schauer, 1970) preventing the labelling at C-8 position. However, the presence of these enzymes in the epididymal fluid has not yet been reported. On the other hand, the appearance of protein bands 1, 5 and 7 in the cauda epididymal fluid may be due to secretion from the epithelial cells, the action of sialyl transferase (Bernal, Torres, Reyes & Rosado, 1980) Although the epididymal fluid samples exhibited a protein profile (Text- fig. 1 ) similar to that of uncontaminated samples collected by flushing the epididymal tubule with oil (Wong et al, 1981) , contamination by serum or extracellular fluid in our samples, if any, should be minor but cannot be ruled out.
In contrast to the previous reports of the existence of only one sialoglycoprotein on the rat epididymal spermatozoa (Olson & Hamilton, 1978 ; Faye et al, 1980) , our method demonstrated the presence of at least 11 sialoglycoproteins associated with the spermatozoa (Text-fig. 2 ). This may be due to a more extensive solubilization of the spermatozoa in our study or possible loss during chromatography in the previous study (Olson & Hamilton, 1978) . The numerous sialoglycoproteins detected in this study are unlikely to be due to damage or leakage and accessibility of intracellular components to NaI04 since oxidation in our study was at 0°C and therefore much milder than that (37°C) used by Olson & Hamilton (1978) and Olson & Gould (1981) .
During epididymal transit, the decrease in the labelling of these sialoglycoproteins, except bands 4 and 8 (Text- fig. 2 ), is consistent with the decrease in the sperm-bound sialic acids detectable by the direct chemical assay (Toowicharanont & Chulavatnatol, 1983) . The sperm protein band 8 seems to be unaltered, but an extra sialoglycoprotein (band 4; Mr 31 000) is present in the cauda epididymidis. Allowing for a possible error in determining the molecular weight of a glycoprotein by different SDS-PAGE systems (Poduslo, 1981) , protein band 4 may be the same as the Mr 37 000 compound reported to be the only one present on rat cauda epididymal spermatozoa (Olson & Hamilton, 1978 ; Faye et al, 1980) . Sperm protein band 4 is also about the same size as the fluid protein band 5 (Mr 32 000), tentatively identified as AEG, in the cauda epididymidis. If they are the same sialoglycoprotein, our observation (Text- fig. 2 ) will be consistent with the increased binding of AEG to the spermatozoa during sperm maturation (Lea, Petrusz & French, 1978) . Alternatively, sperm protein band 4 could arise from attaching a sialyl group to a surface protein of the spermatozoa by the action of sialyl transferase (Bernal et al, 1980) . The identities of the remaining 10 sialoglycoproteins on the spermatozoa cannot yet be established.
In view of the finding that most sperm-bound sialoglycoproteins decrease during sperm maturation, the increase in only one sperm-bound sialoglycoprotein (Mr 31 000) is unlikely to be sufficient to cause the increase in the net negative charge on the sperm surface. Therefore, our finding appears inconsistent with the suggestion that spermatozoa become more negatively charged during epididymal transit by acquiring certain negatively charged glycoproteins (Bedford, 1975) such as AEG (Lea et al, 1978 ; . More careful analysis on the effect of the Mr 31 000 protein on the surface charge of the spermatozoa will be needed to clarify this point.
The sensitivity of the sperm sialoglycoproteins to treatments with Triton X-100, neuraminidase and trypsin (Text- fig. 3 ) is not uniform among the sialoglycoproteins and is dependent on the maturity of the spermatozoa, and protein bands 1, 2 and 4 especially have become more resistant to these treatments during sperm maturation. Several suggestions can be given to explain these changes. (1) The resistant sialoglycoproteins may become more firmly attached to some intracellular structure or neighbouring membrane proteins, resisting detergent solubilization. (2) The resistant sialoglycoproteins may become inaccessible to the enzymes by being intracellular or masked by neighbouring proteins. (3) The sialic acids of the resistant sialoglycoproteins may be modified as discussed previously (Toowicharanont & Chulavatnatol, 1983) . (4) The sialoglycopro¬ tein may change its orientation or conformation in such a way that trypsin attacks a different region of the molecule, releasing a peptide without a sialyl residue, and leaving a smaller molecule with the sialyl residue.
Normally, sialoglycoproteins are localized mainly on the external surface of plasma membrane (Hughes, 1976) . Therefore, most of the sialoglycoproteins of the rat epididymal spermatozoa reported above should be on the sperm surface. However, membrane damage may have been caused by the extensive washings (Toowicharanont & Chulavatnatol, 1983) and thus allowed NaI04 and KB3H4 to reach and radiolabel intracellular sialoglycoproteins. Further work will be needed to clarify this point.
